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James H. Warner! and K. T. Harper 2

ABSTRACT
An analysis has been made of the basic ecol)gy of aspen forests of the mountainous areas of
Utah and northern Arizona. Forty-nine study
lreas have been examined in respect to density,
height and age of the tree cover, tree reproduction, and composition and biomass production of
the understory. A graphic model of interspecific
associations among prevalent understory species
has been prepared by a cluster-analysis procedure based on presence and absence of species
in 1,225 small quadrats (0.25 m 2 ) uniformly
distributed among the 49 stands. The model separates species of relatively stable as opposed to
rapidly seral aspen forests. It also tends to separate species known to respond differently to graz-

Site-quality was determined for 43 stands using natural site index curves. Average site index
for these stands at 80 years of age was estimated
to be 15.8 m (52 feet with a range of 30-75 feet).
Understory species significantly associated with
stands of high or low Site-quality were identified
by comparing quadrat frequency of 53 herbaceous species in groups of stands stratified according to site-quality. Fifteen species were
found to be significantly associated (either positively or negatively) with Site-quality.
An index for predicting site-quality for aspen
was devised using those species demonstrated to
have indicator value. The degree of correspondence between natural site indices and the understory site indices for the 43 stands was evaluated by simple correlation. The correlation coefficient for the test was + 0.70 (coefficient of determination, r 2 , of 0.49). Also, understory production had a significantly positive correlation
with site-quality for aspen. Thus, sites having the
best site-quality for aspen also produce the
greatest amount of understory forage. Prospects
are good that the index can be refined to yield
more precise estimates.

ing.

Gross environmental variables as well as soil
profile characteristics were recorded at each site.
Several soil characteristics were determined in
the laboratory. Analyses were performed to determine which, if any, environmental variables
differed significantly between sites stratified according to site-quality for aspen. Only the pH of
the Ai horizon and aspect were found to be
different.

INTRODUCTION
important as "summer" range for livestock. Aspen has also come to be recognized as excellent watershed cover and as a choice recreational
type. Advances in wood technology have brought
the species into recent prominence as a timber
tree (Lamb, 1967). Thus, the aspen forest-type
holds a position of importance in the economy of
forested lands of the Mountain West that is far
out of proportion to the actual area covered.
In view of the relative importance of aspen,
it is surprising that the ecology of the species in
the Mountain West has received so little atten-

Quaking aspen (Populus tremuloides Michaux) dominates approximately four million acres
in the central Rocky Mountains of western
America (Baker, 1925). Although the species is
never of as great an importance for timber in
western America as in the upper Midwest, the
aspen forest-type is nevertheless of prime importance in the Mountain West. The importance of
the type is related primarily to the multitude of
uses to which it is put. Aspen has always been
important as big game habitat and has, since
the coming of the agrarian Europeans, become

lDepartment of Biology, Wisconsin State University, La Crosse, Wisconsin 54601.
'Department of Biology, University of Uiah, Salt Lake Ciiy, Utah 84112.
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Undoubtedly, a large part of the neglect

tion.

is

was conmany decades by re-

attributable to the fact that the species

sidered a "weed" tree for
source managers. At the present time, the literature pertaining to aspen in the West consists of
numerous notes and peripheral studies considering individual facets of the species' ecology; but
Baker's study (1925) is the sole attempt to interpret the general ecology of this forest-type.
Even Baker's classical study largely ignores characteristics of the understory vegetation and details of the soil environment. Thus, at the present

time

when new and often conflicting demands
made on the aspen-type, western re-

are being

source managers find themselves confronted with
a bewildering array of ecological questions for
which there are few, well-documented answers.

This study was designed to provide a better
understanding of the relationship between understory composition and site-quality for aspen
itself. An attempt is made to devise a scheme for
predicting site-quality from understory vegetation. Also, some preliminary correlations between
gross characteristics of the understory and
height-over-age relations of aspen are made.
Inasmuch as a major portion of the acreage
of aspen in western America is confined to the
states of Colorado and Utah, it was considered
desirable to conduct the stud\' within that area.
Preliminary work indicated that a broad range in
site-quality and understory characterisitics could
be found in aspen forests of Utah and northern
Arizona. Accordingly, all field work was confined
to that area to minimize travel time.

LITERATURE REVIEW
Baker's paper

(

1925 ) stands as the only

in-

tensive consideration of the ecology of quaking

aspen in the West, although several other investigators have studied individual facets of aspen
ecology. Age and height values for aspen growing in association with different understory types
in Montana have been reported by Lynch
(1955). Alder (1969) has reported on the age
structure of aspen forests of Utah. A recent popularized account of aspen ecology in the West
was published by Cottam ( 1963 ) Langenheim
( 1962), working in western Colorado, and Ream
(1963), in the Wasatch Mountains of Utah and
Idaho, drew general conclusions about the relative position of aspen in the environmental com.

plex in their respective areas. Heinselman and
Zasada (1955), Strotham and Zasada (1957), and
Powells ( 1965) have attempted to integrate published reports of the behavior and use of quaking
aspen throughout North America.
Compositional characteristics of the understory in aspen forests have been more thorough-

the West than has the
Numerous papers have contributed

ly investigated in
self.

tree

it-

to our

knowledge

of the understory vegetation associated with aspen. Lynch's studies (1955) provide a
useful understanding of the understory vegetation of aspen in northern Montana. The nature

of the understory in

Wyoming

Reed

is

set forth

by

J.

1969)^ and Hoff ( 1957).
For Colorado, papers by Costello (1944), Hoff
Langenheim '(1962), and Morgan
(1957),

Reed

(

1952), R.

(

(1969) give useful data for the aspen-type. In
Utah, Allan (1962) and Ream (1963) provide
data on the understory of aspen in the Wasatch
Mountains, and Ellison and Houston ( 1958) dis-

cuss the production of herbaceous material under
the canopy

and

treeless openings of aspen
Utah. Houston (1954) published a "condition" guide for aspen ranges in
the Intermountain Region which gives some idea
of the impact livestock have had on the type. In
none of the foregoing papers, however, has
there been an attempt to relate the performance
of individual species or groups of species to
specific characterisitics of the abiotic environ-

forests

ment

in

of central

or to the performance of aspen

There

is

clear evidence that

itself.

many aspen

for-

throughout the West are currently being replaced by conifers in the course of natural succession ( Baker, 1918 and 1925; Daubenmire,
ests

1943; Hall, 1953; Costing, 19.56; Hoff, 1957;

and

Cottam, 1963). There are numerous indications
in the literature, however, that the successional
processes are extremely slow or nonexistent in
manv parts of western America ( Fetherolf, 1917;
Reed, 1952; Lvnch, 1955; Marr, 1961; Langenheim, 1962; Juiander et al., 1964; Morgan, 1969;
and Reed, 1969). A more thorough knowledge of
the successional process would seem to be needed if the best management procedures possible
are to be implemented.
ly

The nature of aspen forests can also be greatmodified by the influence of domestic graz-

ers

(Baker,

1918;

Sampson,

1919;

Houston,

and Lucas,
1969) and big game (Coles, 1965 and Alder,
1969). It seems possible that aspen can actually
be eliminated from a site if animals are permitted to repeatcdlv browse off the trees' reproduction (Alder, 1969 and Lucas, 1969).
1945;

Coles,

1965; Hutchins,

1965;
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The most conspicuous deficiency in all of the
foregoing studies lies in their failure to study the
abiotic environment in detail.

Lynch

The

soil studies of

1955 ) are not presented in a form suitable for interpretation of the perfoniiance of individual plant species. Likewise, a detailed study
of the influence of topographic position on the
behavior of aspen has never appeared in the literature. Crovvther and Harper ( 1965 ) have
studied the influence of parent material on aspen forest development in Utah, but the study
was confined to a single watershed and a narrow range of parent materials. A useful study by
Jones ( 1967a ) considers the influence of various
combinations of climatic, topographic, and edaphic characteristics on height growth of aspen
stands in Colorado, New Mexico, and Arizona.
Additional studies of this type are needed in
other parts of the Mountain West.
(

Disease appears to play a key role in the dynamics of aspen forests in the West. Meinecke
(1929), Mieike (1957), Hinds (1962), and Krebill ( 1971 ) discuss the major diseases attacking
western aspen. The influence of ecological conditions on distribution and severity of important diseases is still largely unknown, however.
Attempts to utilize understory species as indicators of site potential for either tree growth
or herbage production as advocated by early
ecologists (Korstian, 1917 and Riggs, 1929) have
not usually been successful (Kittredge, 1938 and
Driscoll, 1963). However, a few workers have
used understory species as indicators of site potential for tree growth with success
Rowe, 1956;
Gadnon and MacArthur, 1959; Hills and Pier(

1960; Daubenmire, 1961; and Orloci,
1962), but methods employed have not usually
been well quantified.

pont,

METHODS
In this study, an attempt is made to develop
and completely quantitative approach to the use of understory species as india

simplified

sampled was well buffered on all sides by similar aspen forest; and (5) aspect, soil, topo-

cators of site-quality. Statistical reliability of in-

and a straightforward
technique for integrating response of many indi-

dicators will be verified
cators devised.

Once

the indicators are identi-

any person with the ability to identify those
species should be able to derive the index for
any given site.
fied,

The 49

stands employed in this study were
ordered according to site indices derived
from tree height-over-age data using Jones's
natural site index curves. The statistical
( 1967b)
relationship between Jones's natural site index
for each of the several stands and the index values derived by the use of understory species for
the same stands was determined by simple corinitially

relation.

Location of Study Areas
Study sites extend along the mountainous
backbone of Utah from Logan Canyon on the
north to Fish Lake on the south. Six additional
stands are located in northern Arizona on the
Kaibab Plateau (see Fig. 1 and Table 1).
All stands selected were approximately 0.04
liectare (0.1 acre) in size and satisfied the following criteria: (1) tree density appeared average for the particular site ( very sparse and very
dense stands were avoided); (2) aspen contributed 100 percent of the tree canopy; (3) average tree age was in excess of 30 years; (4) area

F"igure

1.

Distribution of stands.

Brigham Young University Science Bulletin
Table

1.

Stand
No.

Location of stands and the gross environmental characteristics of each.
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graphic position, slope, and vegetational pattern
were unitonn throughout the area sampled.
Stands were almost exclusively grazed by deer
and or domestic sheep. The three stands on the
Kaihab National Forest are now grazed by cattle but have had a long history of sheep use until the recent past. All sampling, except for soil
temperature, was completed during the summers of 1965 and 1966.

by use

Stands were selected on a variety of sites supporting pure aspen forests (i.e., to the extent
possible, serai stands were avoided). An attempt
was made to include stands on the full range of

stance, occasionally

site

conditions

Fig.

1

)

.

within

the

defined area

For ease of accessibility

all

(see

of conversion factors obtained

by drying

vegetational samples from each study area.

A list of all vascular plants present within the
boundaries of each stand was prepared (Warner, 1971). Species were classified into broad
life-form and longevity classes (Table 2). A degree of arbitrariness was involved in the assignment of perennial forbs to height classes. Osmorluza cJuIensi.s and Valeriana occidentalis, for incm

.30

(

grow to a height in excess of
the breaking point between short and

forbs ) but since their photosynthetic surface
almost wholly developed close to the ground,

tall
is

;

we have

classified these species as short forbs.

stands were

within national forests and national
parks. Detailed maps were drawn of each stand
and its surroundings so that the exact location
could be easily located on return visits. Stands
^^'erc square-shaped and marked at each corner
with orange surveyor's tape.

Soil Studies

located

For each stand, tlie following data were recorded: (1) location, (2) elevation, (3) aspect,
(4) slope, (5) description of landscape, and (6)
nature of any disturbing influence.

In each stand,

soil

samples were collected

and soil temperature measured.
were obtained from a pit dug

Soil profile data

depth of
whichever was
shallower. Samples were taken from each horizon
of the profile with a bulk density sampler of 750
cc capacity. For each horizon, the occurrence of
mottling or gleying and physical properties such
as structure, color (by Munsell soil color chart),
percent by volume of rock over 2
diameter,
and the amount of rooting were recorded. Soil
samples from each horizon were placed in plastic bags and returned to the laboratory, where
they were dried at 105° C for at least 24 hours.
Soil temperatures were taken at the center of
each stand at the following depths: 13, 25, and
38 cm (5, 10, and 15 in), using a steel-stem,
dial-type thermometer. Soil temperatures were
taken in all stands during a two-week period in
mid-August 1968.
Following drying, the portion of soil samples
passing a 2
sieve was analyzed for the following characteristics: (1) texture, (2) bulk
density, (3) pH, (4) exchangeable calcium, and

m

1.5

(60 in)

to the

or to bedrock,

mm

Tree Samples

A tree is here interpreted as any woody stem
having a diameter in excess of 10 cm (4 in) at
breast height (dbh). All trees within the borders
of each stand were measured and the following
data recorded:
(1) dbh,
(2) height (using
an optical range finder), and (3) evidence of
disease, fire, or animal damage. In addition,
cores from the 10 tallest trees were taken at
breast height with an increment borer for subsequent aging in the laboratory. An attempt was
made to locate stand boundaries so that all trees
of the stand were of the same clone. When it
could be detemiined, the sex of the clone was
recorded.

Herb Layer
The herb layer was sampled immediately following establishment of the stand boundary in
order to minimize the effect of trampling. Twenty-five sc|uare quadrats, each 0.2.5 m- in area
(1/16,000 acre), were uniformly distributed
throughout the stand for frequency data. Above
ground, current year production to a height of
1.8
(6 ft) was taken in 42 stands between July
15 and August 15 of the years of study. Production was estimated on .36 cjuadrats (0.89 m- or
9.6 ft") per stand. Accuracy of the estimate was
regularly checked by clipping and weighing.
Field weights were converted to air dry weights

m

mm

(5) "available" phosphorus. Soil extracts for determination of the nutrient elements were prepared by washing 3 g of sieved soil with 60 ml
of 0.2 N acetic acid for one hour. Calcium was
measured by flame photometry (Jackson, 1958)

and phosphorus by spectrophotometry Goldenberg and Fernandez, 1966). The results are ex(

pressed as

mg

of substance per g of soil.
was analyzed by a hydrometric

Soil texture

method as described by Bouyoucos (1928). The
pH was determined by preparation of a slurry
consisting of a soil-water mixture in a ratio of
1:1.

Readings were made with a glass electrode

pH

meter.

soil

The weight of a standard volume of rock-free
was used to compute the bulk density of the

various horizons of the

soil profiles.

When

aver-

)

)

)

Brigham Young University Science Bulletin
age values for whole profiles were calculated for
pH, phosphorus, calcium, and texture, values for
individual horizons were weighted by horizon

depth (reduced by a quantity equal to the percent volume of rock in the horizon) and bulk
density.

Prevalent species list. The letters in parentheses following the scientific names designate the "life-form"
Life-form abbreviations are as follows: T, tree; S, shrub; TF, tall forb; SF, short forb;
AF, annual forb; and G, graminoid.

Table

2.

class of the species.

Common Name

Species

4.

Stelkiria jamesiana (SF)
Brornus polyanthus (G)
Lathynis lanszwertii (SF)
Gidium bijolium (AF)

5.

CoUomUi

6.

Ncmophilci hrcviflora

7.

Collinsiu purviflora

1.

2.
3.

8.
y.

10.
11.
12.

linearis

Tuber Starwort

(AF)

AF

(

(AF)
Ehpnus glaucus (G)
Osmorhiza chilensis (SF)
Agropyron trachycaulum (G)

Polygonum douglasii
Vicia auiericuna (TF)

(

AF

)

13.

Descurainia californica (AF)

14.

Poa carta (G)

1.5.

Thidictrum fcndleri (TF)

16.

Viok

19.

nuttallii (SF)
Taraxacum officinale (SF)
Poa pratensis (G)
Chcnopodiuni frcmontii (AF)

20.

llackelia florihunda

21.
22.

Achillea millefolium (SF)
Valeriana occidenlalis (SF)

23.

Populus tremuloidcs (T)

24.

Symplioricarpos orcophilus (S)
Phacelia hcterophylla (SF)

17.
18.

25.

(TF)

26.

Rudhechia occidentalis (TF)

27.

Mertensia arizonica (TF)

(TF)

28.

Srnilacina stellata

29.

Hydroplujllum capitatum (SF)
Aster engelmannii ( TF

30.
31.
32.
33.

34.

Silcne menziesii (SF)
Pachiatima myrsinites ( S
Stipa Columbiana (
Berheris repens ( S

G

)

)

35.

Carex occidentalis (G)

36.

Agastache

37.

(TF)

urticifolia

39.

Senecio serra (TF)
Delphinium occidentale (TF)
Senecio uintahensis (SF)

40.

Osmorhiza occidentalis (TF)

41.

Melica bulhosa (G)
Floerkea proserpinacoides

38.

44.

(AF)
Gayophytum ramosissimum (AF)
Ueraclcum lanatum (TF)

45.

Ilelenium hoopesii (SF)

46.

48.

Polcmonium foliosissimum (TF)
Erysimum argillosum (SF)
Ligusticum porteri (TF)

49.

Castilleja rhcxifolia

50.

Bromus

42.
43.

47.

ciliatus

(

TF

)

{(.',)

51.

Epilobium angustifolia (TK)

52.

Aconitinn colundiianum (TF)
Scrophuhria bnceolatus (TF)

53.

Pres.

Avg.

P.xF

%

Freq.

Index
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LABORATORY METHODS
Plant Species
All species of the study were ranked in descending order based on a presence X frequency
(P X F) inde.x (Anderson, 1954; and Curtis,
1959) utilizing percent presence in the several
stands and average frequency in stands of occurrence in the 0.25 m- quadrats. It should be
noted that this method of calculation departs
from the method used by the foregoing authors
\\'ho based average percent frequency on all
stands and not on stands of occurrence only.
However, by basing average frequency on stands
of occurrence only, the index becomes a probability statement of the likelihood of finding a
species in any quadrat placed within the spectrum of stands sampled. This advantage was the
motive for the change in manner of calculation.
Species selected for detailed study were those
with the highest P X F indices. A total of 53
species were used in the initial analyses.

The occurrence of positive or negative association among 42 prevalent understory species
was evaluated by chi-square analysis of joint and
independent occurrences of

all

of species in the 1,225 quadrats used to
sample the herb layer of the 49 stands.
Plant nomenclature follows Holmgren and
Reveal (1966).
tions

possible combina-

ENVmONMENTAL FACTORS
The following

factors

were tested

for environ-

mental differences among stands grouped according to site-quality of aspen: (1) slope, (2)
aspect, (3) altitude, (4) soil temperature at
three depths, (5) values for pH, calcium, phosphorus, sand, silt, clay, and bulk density in the
Ai horizon, and (6) average values for pH, calcium, phosphorus, sand, silt, clay, and bulk density for whole profiles. These same environmental factors were correlated with each other in all
posible combinations by simple statistical correlation to determine the interrelatedness of the
several enviromnental variables (Warner, 1971).

Data Analysis
All analysis was made by computer, using
programs designed and tested by Dennis Powell,

University of Utah.

RESULTS
which may be viewed

Stand Distribution

The

stands are distributed over a range of

more than 5 degrees

of latitude

(

from 36°

13' at

Rim of the Grand Canyon to 41° 45'
Logan Canyon, Utah). Elevation varies from

the North
in

m (6,750 to 9,400 ft) above sea
Average elevation for all stands is 2,500
m (8,198 ft). Stands were selected in six national
forests and one national park (Table 1).

2,059 to 2,867
level.

Prevalent Species

A

53 most important species in the
study is shown in Table 2; species are listed in
decreasing magnitude of the P X F indices. An
average of 36 vascular plant species was found
per 0.04 ha stand.
list

The

of the

species listed in Table 2 include but a

(aspen) and only three shrubs, of
which snowberry (Stjmphoricarpos oreophilus) is
the most common. Tlie remaining species include
40 forbs (23 percent of which are annuals) and
9 graminoides.
Roughly two-thirds of the
perennial forbs grow to a height in excess of 30
cm (1 ft). On the basis of the P X F index,
single tree

as a kind of ubiquity in-

dex. Table 3 demonstrates that the flora of the
is dominated by forbs
( almost
75
percent of the index sum). Shrubs are unimportant, and grasses and grasslike plants contribute
only about one-fourth as much as forbs to the
sum. The large contribution of annuals appears
to be related to excessive grazing pressure from
domestic animals. Stands grazed only by deer
rarely support an abundance of annuals. The an-

aspen type

Table

3.

the
in

Contribution

sum

Table

of the
2.

P

x

of

F

various

life-form

indices of the

.53

group.s

to

species listed

Bricham Young

8

xppear to be native to the

involved

nuiils

Mountain West.
Species Association bv Chi-square

A number of coefficients have been developed to measure the degree of association between species based on presence-absence data.
Tiiese have been vi'idely used and adequately re\iewed by Cole (1949, 1957) and Hurlbert
For the purposes of this study, it was
( 1969 )
.

considered desirable to be able to identify species which were either positively or negatively
associated to a significant degree; but the degree
of association was not considered essential. Accordingly, significant associations

among

all

groups are apparently characteristic of specialized microhabitats of aspen forests. Within that
group, dandelion and Kentucky bluegrass are
perennial exotics that invade moist, disturbed
sites. Yarrow and Oregon grape also occur on
such sites.
Fringed brome and Columbia needlegrass
were positively associated to a significant degree
with each other but with no other species. This
pattern is related to the fact that only those species among the 42 considered in Fig. 3 were
abundant in the six Arizona stands.

pos-

combinations of understory species were
detennined by chi-s(|uare analysis of joint and
independent occurrences of the specified species
pairs in the 1,225 quadrats taken in the herb
layer. The results are reported in Fig. 2. This
figure shows in matrix fomi the relationship besible

Figure

possible to graphically summarize the association data in many ways. Kershaw (1964)
It is

demonstrates several techniques by which spe-

based on significant positive
associations only can be constructed. Sokal and
Sneath (1963) discuss numerous ways in which
entities may be "clustered" using all values of
interspecific association. We have drawn associacies "constellations"

(

'

as

suggested by Kershaw

1964) and considered various "clustering" techThe pair-group clustering method based

niques.

on simple averages (see Sokal and Sneath, 1963)

was

adopted, since

has the theoretical
advantage of employing all association values
( negative and positive, significant and nonsignificant) in construction of the association diagram. Furthermore, its synthesis of the data
seemed to square with field observations better
than those based on other techni((ues.
As shown in Fig. 3, the 15 .species on the extreme left form a highly associated group of annual and perennial herbs. The group includes the
most common species of the array of stands
sampled and seems to represent those understory species that distinguish modal aspen areas
in the region sampled. Many of these .species are
also known (Hutchins, 1965) to be increasers on
heavily grazed aspen areas. The nine species
finally

it

extreme right in the figure are known, on
the basis of our own unpublished work, to be
most abundant in aspen forests that are prone to
rapid displacement by conifers. Species intermediately positioned between these two extreme

at the

by chi-square among 42 imporUtah and

northern Arizona.

The summ.ition

for the association

test

chi-s(]uare vakie

of each species pair

is

re-

formed by the intersection of the
row and cohimn of the two species compared. Negative as.sociations are designated by a minus sign.
Significance levels are as noted in the figure. Species abbreviations appear below.
ported in die

bo.x

Species

positive or negative.

"constellations

As.sociiition

2.

tant understory species in aspen forests of

tween species, the level of significance of the
chi-square values, and whether a relationship is

tion
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.'Viibreviation

Achillea millefolium
Agu.stache urticifolia
Agro/)i/ron truchiji.nihim
Aster engchnunnii
Beiheris repens

Ala

Aur
Atr

Aen
Bre

Bromus pohfanthus

Bca

Bromiis ciliatus

Bci

Ctirex occidentali.'!

Coc

Chenopodium frcmonlii

Cal

Collinsia pariiflora

Cpa

Ci)llomi:i linearis

Ch
Doc
Dca

Delphinium oecidentale
Deseurainin calif arnica
Eh/mus glaueus
(.'((/(i(»i hifolium
Iluehcliii florihundu

Egl

Gbi
Hfl

IIildrDphiilluni cujiitatum

Hca

Ldthi/ru.s lanszwertii

Lla

Melica Imlho.sa
Mertennia erizonieti
Nc7nophila hrcvifloru

Mbl
Mar
Nbr
Och
Ooc

Osnunh 'za

chilen.si.-i

O.-inuirhizj oce'dentali.i
Piichi.'.am

I

myrsinUci

Phjccli'i hclerophijUa
l'i>a

curia

Poa

pratenf:i.\

Riitlheekia occidcntati.i
Seneeit) serra
uintalti'n.si.t

.itellat

Pdo
Roe
Sse
Sui

Sme

Silene menzi<:'iii

Smihicina

Phi'

Pen
Ppr

Pohi<^i>nu)n dougla.sii

Senecio

Pmv

i

Sst

Stclliria p.nnesianu

Sja

Slipa colinnhianii
S}jmphoiic;iry.()s oreophilus

Sco
Sor

Tariixaeum officin(dc
I halietrum fendleri

Tof
Tfe

V'tlcrian'i occidcntulus

Voc

amerieiinn

Vam

Vici'i

Viohi uutlallii

Vnu
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Egl

pplof

a

Sui

A

tr

Oco
CaJ

rdo
ft

p o

S |0

Ct>>

Nbr
C pa

Cli
1

230

—

I

150

—
-10

X'- Value

Figure

3.

Results of the "cluster" analysis of interspecific association values among 42 species. Species abbrevia2, except for Achillea inillcfuliurii (Ami), Bivmus polyuutlius (Bpo), and Mclicu hiilhosa

tions are as in Fig.

(Mbu).
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As noted earlier, species "constellations"
based on significant positive associations were also

drawn

(Snedecor

(4) all values were adjusted so that there were
no negative values (Table 5).
The aspen stand site indices were then determined for each stand using such indicator species as occurred in the stand and the following

1971

equation:

utilizing indices of interspecific asso-

ciation obtained

analysis

Warner

(

11

)

by correlation and chi-square
and Cochran, 1967). See

for results of these analyses.

Understory

SlTE-QUAUTi' DETERMINATIONS
Site-quality

was determined

for

43 stands,

us-

m

gradient,

based on Jones's

index,

was

tested

against the average frequency of the same species in the last 16 stands of that gradient. Aver-

age (juadrat frequency was calculated for each of
the 5.3 herbaceous species in those two groups of

Of those

15 were found to be
more or
less abundant on the better quality aspen sites

stands.

species,

significantly (at the .05 level or better)

(Table 5).

An index value was calculated for each of
the 15 indicator species. The derivation of this
index was as follows ( 1 ) the mean difference
between quadrat frequencies of all species on excellent as opposed to poor site-quality stands was
used to rank the 15 species, (2) all of the positive differences were divided by the smallest
positive difference, (3) the same procedure was
:

used for the negative differences, and

finally.

index =:

2 (species index value x species % frequency)

ing

the natural site index curves of Jones
(1967b). The 6 stands in Northern Arizona
were not used in this phase of the study because
of basic compositional differences in the understory. Almost none of the dominants of those
stands corresponded with dominants of the Utah
stands. An index value was obtained for each of
the stands used by extrapolation from the natural site index curves which are derived from
height-over-age at breast-height data. Height and
age values used in this study were the averages
for height and age (in years) of the 10 tallest
trees in each of the stands tested (Warner,
1971). Using these values, stands were ordered
according to Jones's site index.
Forest characteristics of the several stands
are shown in Table 4. Excluding the Arizona
stands ( which are not used in site-quality analyses), average tree density is 1,005 per ha (407/
acre); aspen reproduction (individuals having
dbh less than 10 cm) density averages just over
4,200 individuals per ha ( 1,707/acre). Average
stand age (based on the 10 tallest trees per
stand) is 74 years, with a range running from 42
to 111 for individual stands. Average site index
is 15.8
(52 ft) at 80 years of age.
In order to identify understory species significantly associated with stands of high or low sitequality, average quadrat frequency of understory
species of the top 16 stands on the site-quality

site

i;

Table

4.

% frequency of indicator species
Stiinc! chunicteristics of

Aspen
Aspen
Stand
No.
1

Trees

Reproduction

Ind/ha

Ind/ha

the 49 forests sampled.

Understory
Production
Avg. Age Avg.

kg/ha

(years)

(m)

lit.

Jones
Index

BwGHAM Young

12

Table

5.

University Science Bulletin

Comparative frequency of iinderstory .species in aspen stands of contra.sting height growth. Only species
abundance in the two groups are listed. Derivation of the indicator index is also

of significantly different

demonstrated.

m
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according to Jones's index is shown in Table 7.
can be seen that several species have similar
average frequency in all site classes. Bromus
j)flhiatUhus, ColJomia linearis. CoUinsia parviflora, Descttrainia californica, Hackclin floiihunda. Polemonittm foUosissimum, Senecio serra, and
Stcllaria jamcsiana are representative of such

It

Table

Average understorv' composition of low, inand high site-quality-stand groups.

7.

termediate,

Average Frequency
1

Species
Achillea millefolium

Acotiitum cotumhianurn

Agustuchc

urticifulia

Agropt/ron traclu/cauhim
Aster cngelmannii
Berberis repens

Bromus ciliatus
Bromus poh/anthus
Carex occidentulis

C (1st ill c

rh ex i folia

III

Clienopodiuin fremoiitii
Collomia linearis
Colliiisia

piirviflora

Delphinium oeeideutale
Descurainia ealiforiiiea
Eh/mus glaueus
Epilohium august ifoliiirn
Ert/simiim argillosum
Ftoerkca firoserpinacoides
Qaliuui hifolium
Gai/oplu/tum lumosissimum
llachelia floribunda

Helenium hoopesii
lleraeleum hinatum
Ihjdrophiillum capitate
Latlu/rus

lanszwertii

Ligusticum porteri
Melica hulhosa
Mertensia arizonica
Neuuiphila hreiiflora

Osmorhiza

ehilcnsis

Osinorhiza oecidcutalis

Paeh ist inui

rni/rsin ites

Phaceliu heteroj)tu/Ua
Poa carta

Poa pralensis
Poleuuniiuni foliosissi>7iui)i
Polt/goniun douglusii
Populus tremuloidcs

Rudbeckia occidcntalis
Scrophidaria lanceolata
Senecio serra
Senecio uiutahensis
Silenc menziesii
Smilacina stellata
Stellaria jamesiana
Stij)a

Columbiana

Si/mphoricarpos oreophilus

Taraxacum

officinale

Thidictrum fcndlcri
Valcrianu occidentulis
Vicia amcricana
Viola nuttallii

(>

High

11

16

Low

Site-

Intermediate

Site-

Ouality
Stands

Site-Qualily

Onalitv
Stands

11

Stands

13
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Environment

Mean

and exposure) differ significantly betwo stand groups. Better sites were
consistently more acidic than were sites of low
cjuality for aspen. Exposure was shown to differ

reaction

tvveen the

values were calculated for various en-

vironmental variables in the two stand groups
previously used for the identification of herba-

ceous species associated with high or low

at the 0.1 level of significance only. In general,

site-

had an easterly exposure, while
were more common on westerly ex-

the better sites

aspen stands (Table 5). As shown in
Table 9, only two environmental variables (soil

poor

(|uality

sites

posures.

DISCUSSION
The desire to predict site-qualty for aspen
using understory species occurring on the sites
stems from the fact that aspen is a fire-follower.

ing tree height-over-age techniques as predictors.

may become dominant on

before accurate counts are possible
1969). Prediction based on understory
vegetation would require only field samples of
relative
simplicity.
Furthermore, predictions

As such, the species

large acreages previously controlled

Aspen increment cores are normally difficult to
age and require mounting, drying, sanding, and
staining

by another

(Alder,

forest type. If the tree itself is to provide the
estimate of site potential for aspen on such areas,
one must wait from two to three decades before
an accurate estimate is possible ( Graham, Harrison, and Westell, 1963). Obviously, better management alternatives would be possible if a pre-

diction of potential

made

tree

based on understory species can reveal much
about (juality and cjuantity of forage in the forest
understory. Predictions based on understory
parameters could thus have value for multiple-

production could be

use decisions.

The

test of validitv of the index developed
study admittedly includes a strong element of circular reasoning. Inasmuch as 32 of

earlier.

Predicting aspen site-cjuality from understory vegetation may also prove easier than usTable 9. Environmental characteristics
on 16 stands in each group.
Characteristics

of

in

groups

stand

Low

this

ot contrasting site quality for aspen.

High

Site-

Quality Group

Altitude (feet)

8283

8115

20.5

Slope (%)

PO," (mg/g)

1.39

.250

Significance of
Difference
n.s.

20.8

.72

Exposure''

Site-

Quality Group

Averages are based

.208

n.s.

o
n.s.

Ca-" (mg/g)

3.62

5.54

pH^

6.02

6.13

n.s.

1.31

1.32

n.s.

bulk

den.''

(g/cc)

Sand (%)"
Clay (%)"
Silt

{%)'•

30
33
37

32
33
35

n.s.
n.s.
n.s.

PO, (A,) (mg/g)
Ca- (A,) (mg/g)

3.55

3.50

pH

6.20

5.60

(A,)

bulk den. (A,) (cc/g)
Sand {%) (A,)
Clav (%) (A,)
Silt'(f) (A,)
Soil temp. (5" depth °F)
Soil temp. (10" depth °F)
Soil temp. (15" depth °F;

.038

.026

1.05

1.10

=
• =

value for entire soil profile: Olitainod
Significant at 0,1 level.
SignifiraiU at (),ni level.

n.s.
o O

U.S.

35
25
40

n.s.

.50.7

47.6

n.s.

46.S

46.0

n.s.

46.1

45.6

n.s.

dnckwisc
.Tutl

those

by weiehting values

fo

n.s.
n.s.

froni ninth using the foi nulla of Beers, Dress,
of iioitheasl 2; all others receive interniediule

values,

Mean

n.s.

36
24
40

a F.vposure values arc a sine transformation of direction of slope in azimuth dcfiiees
and W'ensel (HHifii, This fornuda pives southwest expd-.iuos a \f\\iw of zero
1>

n.s.

scp.n.ite hoii/inis Iiv hoii/on ilepth.
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Table

10.

Summary

of

interspecific

association s

anion"

till'

10 indicator species ol Table 5 that also appear in

Fig. 2.

Interrelationships

among

No. indicators stiidit-d
No. interspecific comparisons made
Avg. chi-square value for the interspecific
comparisons (from Fig. 2)
Yc

chi-s(juare values that are

',c

chi-s(juare values that are

significantly positive
significantly negative
C^oefficient of variation"
for the ave. chi-square value

for interspecific comparisons (%)

Indicators of:

High

Low

Quality Sites

Quality Sites
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difficult

relatively efficient as a predictor of site-quality

demonstrate significant trends when the range
of variation involved is small (range for the If
intcnnediate stands equals f6 units on the Jones
index). Adding the two extreme stands from each
end of the height gradient represented in Fig. 4
is actually less "loaded" than might appear at

for aspen (r
0.76), but its use required a
highly technical knowledge of the ecology of all
the major forest types of northern Minnesota and
Wisconsin. Graham, Harrison, and Westell
(1963) report that in Michigan sweet fern
{Comptonki peregrina) is common on sites of
low quality for aspen, while height growth of
bracken feni {Pteridiurn aquilinum) is positively
correlated with increasing site-quality. Nevertheless, they conclude that prediction of site(juality from individual understory species is too
imprecise to be useful. Kittredge (19.38, p. 238)
came to a somewhat similar conclusion for individual species, saying, "On the whole, the conclusion seems justified that individual species do
not characterize the site index of aspen specifically enough to be used for prediction with any
degree of confidence" and that "indicator value
of individual species is distinctly less than that of
groups of species." Data from the current study
seem fully compatible with this view.
Jones (1967a), working in Colorado, Wyoming, and New Mexico, has attempted to predict
site-quality for aspen using temperature and
moisture. His results show that the multiple regression of average height of aspen at age 80 on
these two ordinates accounted for only slightly
more than .'30 percent of the total variation in the
site index. Working in the nomnountainous terrain of northern Minnesota, Kittredge (1938)
was able to account for over 60 percent of the
total variation in site index using soil-profile

te.st,

since

it

is

to

first

glance. Indicators

were selected on the basis

stand groups, not individual stands. Hence
the contribution of the tallest and the shortest
stands was no more or less than that of other
stands in the t^vo groups. Utilization of the talof

and the shortest stands in the new test of
the indicator approach thus seems no
more objectionable than would the use of an
equal number of randomly selected stands from
the two stand groups.

lest

utility of

The

results of the foregoing test of correla-

between the Jones and understory indices
give an r- value of 0.79 highly significant ) Thus
tion

(

.

the understory index for these stands accounts
for roughly 62 percent of the variation in the

Jones index for the same stands. This is an even
stronger correlation than was obtained in the
original test of the understory index ( Fig. 4, rvalue of 0.70), in which almost 7.5 percent of the
stands had been used in the initial selection of
indicators.

These results indicate that one can expect the
understory index as here calculated to consistently predict 50 percent or more of the variation in
site potential for aspen growi:h in Utah. Furthermore, there is reason to believe that the index
can be refined to pemiit even better predictions.
The aspen stands on which the present study is
based were not initially sampled for the purpose
of clarifying relations between tree height and
understory vegetation. Also the study extended
into

at

zones

(

two somewhat distinct floristic
Wasatch Mountains and the southern

least

the

plateaus). Accordingly,

many

species of poten-

as being
because they occurred
in only a few of the stands sampled. By selecting numerous stands of markedly different site
potential within a given floristic zone, one should
be able to increase the number and reliability of
indicators and thus produce a more precise index. Perfection of a technique for stratifying
stands according to the degree of grazing disturbance should also permit more accurate estimates (Harper and Hutchins. 1965).
Other attempts at predicting site-quality for
aspen from understory vegetation have been

tial

worth

as indicators

were rejected

statistically nonsignificant

^

groups as the independent variable.
It seems apparent that methods utilizmg environmental parameters as predictors of siteffuality are not likely to be any more efficient
than indices based on understory vegetation. In
fact, the environmental data from this study
(Table 9) and those from Jones (1967a) would
seem to warn that predictive indices based on
environmental parameters will be very difficult
to perfect in topographically complex areas such
as characterize aspen forests in the Mountain
West. Certainly indices based on enviromnent
will be more time consuming and expensive than
indices based on understory vegetation. Understory indices tell one nothing, however, about
causes of variation in site-quality. For that reason, there must be continuing attempts to identify potent environmental predictors of site-quality.

Kittredge (19.38) and Graham, Harri(196-3). Both studies consider

As Jones (1967a) and numerous others (see
Baker, 1921; Pauley, 1949; Cottam, 1954; Marr,
1961; Egeberg, 1963; Garret, 1964; and Strain,
1964) point out, marked genetic variation oc-

aspen forests of the Great Lakes area. Kittredge's
community plant-indicator" index was

curs among aspen populations throughout North
.America. Such variation coupled with the clonal

made by
son,

and Westell

"natural
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is likely to place a rather low upper limit
on the amount of variation in height growth that
one can account for with any kind of predictive

habit

technicjue. In Utah,

it

is

not

uncommon

to find

between contiguous aspen clones of identical age in what appears to be
an essentially uniform environment. Obviously
large height differences

such phenomena could inject considerable variawhich understory or environmental indices are correlated with site potential for trees. Thus, in the absence of control of
tree genetics, one could never expect perfect

tion into analyses in

correlations

between predictive indices and

tree

height.

Daubenmire

As
pointed

out,

(1952,

p.

frequency values

.305,

for

.32,3)
has
understory

more likely to be altered by disturbing influences such as grazing, logging, or fire

species are

than is presence. Thus he uses presence in preference to frequency data in identification of
habitat-types (or site-quality classes) which are
intended to reflect basically different abiotic environments. In theory, species frequency is so
sensitive to disturbing influences that its use
could confuse rather than clarify understanding
of the abiotic system. Results of this study indicate, however, that frequency data carry more
information content concerning site-quality (as
indicated by the coefficient of determination)
than does presence alone.

being significantly correlated with
poor growth for aspen, while being
significantly disassociated from each other? This
explanation seems easily defensible on theoretspecies

for

of

sites

ical

grounds.

A

puzzling aspect of the interrelationships
the indicator species reported in Table 10

among
is

the fact that tvvo indicators of good sites

LatJnjrus

lanszwertii

and Poa pratensis)

(i.e.,

are

significantly positive in their association (Fig. 4)
with Polygonum dougkisii, an indicator of poor

One

is tempted to reject all three as indiunder such circumstances, but the fact
that both L. lanszwertii and Poa pratensis are

sites.

cators

significantly

positive

in

their

association with

four of the other five indicators of good sites inis no a priori reason for doing
However, the indicator value of these species
should be viewed with caution until such time as
their status is clarified by independent data.
Both Poa carta and Polygonum douglasii are
known to be strong increasers on overgrazed aspen ranges of northern Utah (Hutchins, 1965).
Hutchins also shows that L. lansztcertii declines
slowly with moderate grazing, but more rapidly
as grazing pressure becomes more abusive. The
anomalous response described for these species
in the preceding paragraph may be caused by

dicates that there

so.

ployed in calculation of the understory index.

grazing pressure among the aspen
One could postulate a system in
which Pohjgomtni doiighisii is largely confined to
sites of low quality when grazing pressure is
minimal. With abusive grazing, the species may

None

are signifi-

become abundant on

of 15 pos-

possible

Data

in

Table 10 reveal an interesting chartwo groups of indicators em-

acteristic of the

of the indicators of

good

sites

cantly negatively associated (only

1

comparisons is negative). On the other
17 percent of the possible comparisons
among indicators of poor sites are significantly
negative. Of the 6 possible comparisons, 3 bear
a minus sign. These data seem to suggest that
environmental conditions correlated with good
height growth of aspen are relatively uniform but
that dissimilar kinds of environments can cause
poor growth of aspen. How else can one account
sible

hand,

differential

forests sampled.

Poa

sites of better quality. It

is

another increaser
with grazing, increases on both good and poor
sites under grazing but is best adapted to good
sites. L. lanszwertii, being moderately resistant
to grazing, could associate with Poa pratensis
and Pohjgonum douglasii on good and poor sites
alike but be most abundant on sites of good
that

pratensis,

quality. Clearly, a stratification of stands accord-

ing to grazing intensity would help clarify these
possibilities.
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